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ABSTRACT

Uredospores of Puccinia £raminis var. tritici were germinated on one per
cent water agar at 10 and 20*C under various light conditions. Short-period
(two-hour) germination was'inhibited by light intensities above 200 foot-
candles; however, this was not a permanent and irreversible inhibition, but
only a depression of the initial rate of germination, since germination
percentage for longer incubation periods (6 to 8 hours) was virtually the
same for spores germinating in darkness and in continuous light. Even for
short incubation periods, light inhibition was reversible by a subsequent
dark period. The decrease in germination rate due to light is temperatu~e-
sensitive, the degree of inhibition with a given light intensity being much
greater at 10C than-at higher temperatures. Additional evidence for
temperature sensitivity is that intensities too low to be inhibitory at
20'C strongly suppress germination at 100C. The temperature sensitivity
indicates the probable involvement of enzymatic as well as photochemical
reactions in the light response.
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I. INTRODUCTION

The effects of light on the germination of uredospores of various rusts
have been studied in the past by a number of investigators. Stock and
Dillon Weston2 found that light was inhibitory to the germination of Puccinia
graminis var. tritici uredospores. Wilson,3 working with Uromyces phaseoli
var. typica, reported a similar inhibition. Stroede' observed that light
inhibited uredospore germination in Puccinia glumarum f. sp. tritici

(= Puccinla striiformis), the inhibition occurring only at the higher tempera-
tu;:c16 iiivessigated. McCracken and Burleigh,5 however, found that light
promoted uredospore germination in P..striiformis, promotion occurring at

higher temperatures (13.5'C) but not at lower ones (2*C). I!' rp et al,6

investigating the effects of various light intensities on uredospore
germination in P. graminis var. tritici, found that intensities in excess of
300 foot-candles inhibited germination, the degree of inhibition being
roughly proportional to intensity in the range of 300 to 1000 foot-candles.
The conclusions of the latter investigators were based on per cent germiration
observed after two hours' incubation. Cochrane7 observed that artificial
light of quite high intensity (1250 f.c.) depressed both the rate and final
level of germination in uredospores of Phragmidium mucronatum. An intensity
of 200 foot-candles caused a slight depression of the initial germination
rate, but had no effect on the final germination percentage.

Stock,' though presenting no actual germination figures, stated in his
report that the initial inhibitory effects of light were overcome after
several hours' incubation, since illuminated and nonilluminated spores
germinated at similar levels after longincubation periods. Dillon Weston2.
did not report recovery during the illumination period, but noted .that
spores exposed to light for several hours were able to germinate when later
placed in conditions of darkness or dim light. Thus, there were reports
that light inhibition could be overcome both in darkness and in the light;
however, since neither Dillon Weston nor Stock reported recovery both in
darkness and in the light, and since neither investigator stated the light
intensity employed, the relative rates of recovery in light and indarkness
were not known. The principal aim of the present study was to re-examine
the rates and ultimate levels of germination of spores incubated in
darkness and in light of known intensity. In view of the reports of Stroede4

and McCracken and Burleigh6 that light responses in other rusts were tempera-
ture-sensitive, the present investigations were carried out with particular
reference to the effects of temperature on the initial response of the
uredospores to light and on the rate of recovery, both in darkness and in

the light.
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II. MATERIALS AND METHODS

The experiments reported here fall into two major categories: (1) studies
concerning rate of germination in continuous light, and (2) studies of dark
reversibility of light inhibition. Both studies were carried out at lO0 C and
20*C in order to determine the effects of temperature on inhibition and upon
recovery. Uredospores of race 56, Puccinia graminiq var. tritici (Eriks. &
E. Henn.) Guyot were used in all cases. These spores were grown on seedlings
of Baart wheat (C. I. 1697) at 20-30'C, collected with a cyclone collecting
device, and stored in screw-cap vials at 4C until used. Maximum age of sporef
was 60 days.

For the studies of germination rate in continuous light, uredospores were
incubated in continuous darkness and in continuous light at 100 and 20C for
periods of two and six hours on one per cent water agar. In a few instances
longer incubation periods were also employed. The germination percentage
was then determined after the two- and six-hour incubation periods. To
investigate reversibilityby darkness, spores were incubated for a two-hour
period at 100 and 20C under four light-dark regimens: two hours' continuous
darkness, two hours' continuous light, one hour of light followed by an hour
of darkness, and one hour of darkness followed by an hour of light.

The light intensity employed in these studies was approximately 400 foot-
candles at the surface of the agar as measured with a Weston illumination
meter. A bank of eighteen fluorescent tubes (General Electric, Standard
Warm White) served as the light source. All experiments were repeated on
several different days, and each day's experiment was done in quadruplicate,
two hundred spores on each of four plates being counted for each light or
dark treatment.
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III. RESULTS

The results of a typical experiment showing rates of germination in con-
tinuous light and in darkness at 20'C are shown in Figure 1. Light decreases
the initial rate of germination with respect to that of spores incubated in

the dark. However, after the first two hours, the rate of germination of
the dark controls drops off rapidly, whereas that of the spores incubated
in the light remains at a more or less constant rate for the entire six-hour
period. This means that the inhibition produced by light is much less
pronounced after six hours than after two hours of incubation; thus, the
long-term depression of germination is far less than would be indicated by
determining the inhibition after two hotirs' incubation alone, as was done
by Sharp et al.8 In a few experiments incubation periods in excess of six
hours were employed; after eight to ten hours, the germination level of
spores incubated in the light very closely approximated that of spores

germinating in continuous darkness. These results entirely corroborate
the earlier findings of Stock.'

The results of five dark reversibility experiments are shown in Table I.
As in experiments of the previous type, the highest level of germination occurred

when spores were incubated in-the dark. Also as previously shown, the
germination of spores incubated in continuous light for two hours was
considerably depressed. Inhibition was invariably observed when light was
supplied for half the incubation period (either the first or second hour
following inoculation)" but in either case the depression was far less than

that produced by two hours of continuous light, indicating that recovery
in the dark proceeds much more rapidly than in the light, at least for short
incubation periods.

TABLE I. GERINATION PERCENTAGE OF UREDOSPORES INCUBATED FOR
TWO HOURS AT 100 AND 20 0 C UNDER FOUR LIGHT REGIMENS

Germination Percentage
Experiment Incubation

Temperature, 2 hr. I hr. 1 hr. dark, 2 hr.
0C light light, then I hr. dark

then light
I hr. dark

1 20 7 35 30 43
2 20 64 72 73 78
3 20 31 63 55 64

4 10 5 12 12 21
5 10 2 30 44 58
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The effects of temperature on the germination of spores subjected to c
tinuous illumination are shown in Figures Land 2. At 1OC (Figure 2) thE
initial depression of the germination rate was much more marked than at
20°C (Figure 1), the percentage germination in the former case being virtL
zero after two hours' incubation under 400 foot-candles of light. (At 15C
depression was greater than at 20*C, but less than at 10'C). Subsequently
however, the rate of germination at 100C increased rapidly, and after six
to eight hours, the germination percentage closely approximated that of da
controls, indicating that the recovery rate following the initially strong
inhibition is comparable to that observed at 20'C. Spores incubated in t
dark at 10*C displayed a rate of germination similar to that observed at
20*C (an observation also made earlier by Stock). Increased light
sensitivity at 100C was also indicated in experiments with a reduced light
intensity of 200 f.c. Such an intensity markedly lowered the germination
of spores incubated at 100C but did not affect that of spores incubated at
20 0 C. When the spores were given four light regimens at 10%0 (see Table I
relatively high germination levels were obtained except where continuous
light was supplied, showing that dark reversibility of photoinhibition
occurs readily at this temperature just as at 200C,

I
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IV. DISCUSSION

It may be concluded from the data reported here that the light-induced
reduccLion of uredospore germination in P. ramlinis var. tritici is not an
absolute inhibition, but rather a depression of the germination rate during
the period immediately following placement of the spores on a substratum
favorable for germination, as Stock' reported. Spores incubated in the
dark germinate rapidly at first but more slowly as time progresses.
Those incubated in the light, however, show a rate of germination that is
initially low but persists for several hours, and in some cases actually
increases. As a result, after relatively long incubation periods, there
is not the large difference in germination observed when spores have been
incubated for only a short time.

Furthermore, it is clear that light inhibition is readily reversible by
subsequent exposure to darkness, as indicated by Dillon Weston,2 since
spores incubated under one hour of light followed by an hour of darkness
show considerably bettergermination than those inaubated in continuous
light for two hours. Thus, recovery is much more rapid in the dark than in
the light (at least for short incubation periods), and it occurs rapidly at
both 10' and 20'C.

The evidence for the disappearance of photoinhib ition in darkness and
in light and for temperature sensitivity of the response allows some
insight into the mechanism of the phenomenon. The temperature-sensitive
nature of the response strongly suggests that enzymatic as well as photo-
chemical reactions are involved. Therefore, it appears likely that an
initial photochemical reaction is followed by a series of enzymatic processes

that in some way depress the initial germination rate. This may be due to
the production of a metabolic inhibitor that initially lowers the germination
rate but subsequently breaks down. The difference in recovery rates in
darkness and in light may be accounted for by assuming the following: the
formation of the inhibitory substance proceeds rapidly when the spores are
placed in the light, the rate of inhibitor formation remaining constant
throughout the incubation period for any given light intensity. However,
there is a delay in the initiation of the reactions that break down the
inhibitor. Thus, in the early stages of the incubation period, there is an
accumulation of inhibitor within the spores. In continuous light, the
reactions breaking down the inhibitor eventually move rapidly enough to
deplete the endogenous concentration of the inhibitor, so that germination
can proceed. Transfer pf the spores to darkness causes production of
inhibitor to cease, so that the concentration becomes reduced quite
rapidly with a concomitant increase in the germination rate.

The severity of the inhibition at lower temperatures may be accounted
for by assuming either that enzymatic reactions having a low temperature
optimum are involved in the production of the inhibitor, or alternatively,
that enzymes having a relatively high temperatute optimum are responsible
for its breakdown. The rapid rate of dark recovery at 100C tends to argue
against the latter alternative. It must, howevex, be emphasized that there
is at present no direct physiological or biochemical evidence for the occurr-
ence of such an inhibitor, and the inhibitory effects of light may not involve
inhibitor formation.
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